The avian herpesviruses infectious laryngotracheitis virus (ILTV) and herpesvirus of turkeys (HVT), as well as the mammalian herpesvirus pseudorabies virus (PRV) were able to provide complete helper activity for the production of infectious avian adenoassociated virus (AAAV) in chicken cells. The presence of AAAV in the infected chicken cell reduced the multiplication of HVT. ILTV or PRV, however, were not affected if used as helper viruses. Infectious AAAV was determined by an indirect immunofluorescence assay and infectious herpesvirus by plaque assays.
. At the times indicated, the infectious AAAV was determined by an indirect immunofluorescence assay. Primary CKC cultures were grown in 60 mm plastic dishes containing two glass coverslips (32 x 12 mm) and infected with 0.2 ml of serial dilutions of the virus samples and 0.1 ml CELO virus (m.o.i. 10 p.f.u./cell) as helper. The virus samples had been previously heated to 60 °C for 10 min to inactivate helper herpesviruses. After incubation for 24 h at 38.5 °C the cells on the coverslips were fixed with acetone for 8 rain at room temperature (yon Billow & Biggs, 1975) and stored overnight at -20 °C. The fixed cells were rinsed with PBS pH 7.2 and incubated with rabbit anti-AAAV serum (diluted 1 : 20 with PBS pH 7.2) for 30 min at room temperature. The cells were then washed with PBS pH 7.2, stained with fluorescein isothiocyanate-conjugated goat anti-rabbit IgG (Miles-Yeda, Rehovot, Israel; diluted 1:40 with PBS pH 7-2) for 30 rain at room temperature, washed a second time and finally examined by fluorescence microscopy (Leitz Orthomat). Fluorescence-positive cells on eight coverslips were counted for each time point. The infectivity of AAAV was measured using the average number of fluorescencepositive cells in the plastic dish and the virus dilution. At the times indicated, the infectivity of PRV, ILTV and HVT was measured by plaque assays. For plaque titrations of infectious ILTV and PRV, 0.1 ml of appropriately diluted virus material was added to a primary CKC monolayer and a secondary CEF monolayer, respectively. After 5 days at 38-5 °C, the cells were fixed with 10~ formalin. Plaques were counted without staining. Infectious HVT was determined using the plaque formation assay described by Calnek et al. (1972) and Monreal et al. (1974) .
overlaid with maintenance medium (Medium 199 with Hanks' salts and 2~ calf serum) and returned to 38-5 °C. At different times after adsorption ( Fig. 1 b, 2b ), the cell cultures were removed, frozen and thawed twice and disrupted by ultrasonication for 10 s (standard microtip; Branson Sonifier). The cell debris was sedimented (2500 g; 15 min) and the supernatants containing the virus material were frozen at -70 ° C.
For growth studies of AAAV with PRV as helper virus, of PRV alone or in combination with AAAV, CEF cultures were prepared from 11-day-old embryos of SPF chickens and grown for 4 . After a 40 min adsorption period at 38.5 °C the cell monolayers were washed twice with warm PBS pH 7-2. Maintenance medium was then added, and the cells were incubated again at 38.5 °C. At different times (Fig. 1 c, 2c) , the supernatant of the cell culture was removed and stored at -70 °C, whereas the cell monolayers were transferred into SPGA pH 6.5, and sonicated for 90 s (Monreal et al., 1974) . After sedimentation (2500 g; 15 min) the cell debris was discarded and the supernatant virus suspension was frozen at -70 °C.
The growth kinetics of AAAV in Fig. 1 indicate that the three herpesvirus species PRV, ILTV and HVT provide active helper functions allowing the multiplication of infectious AAAV in chicken cells. The helper activity depends on the presence of the herpesviruses (PRV, ILTV or HVT) and is not caused by contaminating avian adenovirus. This was concluded from the following observations (data not shown) : (i) chloroform treatment of the herpesvirus samples before co-infection with AAAV abolished the multiplication of infectious AAAV (the same chloroform treatment completely inactivates the herpesviruses used as helpers while avian adenovirus was found to be resistant to chloroform), and (ii) no contaminating avian adenovirus could be detected in our AAAV preparation by indirect immunofluorescence (Bauer & Monreal, 1985) .
The host range of AAAV in vitro is restricted to chicken cell cultures, because we were not successful in multiplying AAAV in Vero cells, although these cells are perfectly susceptible to the helper virus PRV (data not shown).
Comparison of the growth curves in Fig. 1 and Fig. 2 shows that the growth characteristics of the helper virus are responsible for the time course of the AAAV growth cycle. Under the growth conditions mentioned above, the reproductive cycles of PRV in secondary CEF and of ILTV in primary CKC include a very short eclipse phase and are terminated between 20 h and 28 h postadsorption (Fig. 2a, b) . PRV and ILTV are released into the supernatant fluid predominantly as cell-free virus particles (Lee et al., 1972; Lomniczi, 1974) . On the other hand, the growth cycle of HVT in secondary CEF has an eclipse period of 12 h before viruses begin to be produced. Maximal yields are reached at approximately 40 h post-adsorption (Fig. 2c) . In this case, most infected cells remain attached to the surface of the culture dish (Ash & Ware, 1972) . In the culture supernatant, the level of cell-free HVT (about 101 p.f.u./ml at 48 h post-adsorption) and of AAAV when co-infected with HVT (about 5 × 101 f.f.u./ml at 48 h post-adsorption) is low.
Thus, the more rapid growth cycle of PRV and ILTV causes AAAV growth to occur earlier in co-infection with PRV or ILTV than in co-infection with HVT. As shown in Fig. 1 , the yield of infectious AAAV does not depend on the type of the helper herpesvirus if low multiplicities of co-infecting AAAV are used. An AAAV multiplicity of 10 f.f.u./cell with HVT as helper virus, however, may reduce the growth of AAAV (Fig. 1 c) . Possibly, an autoinhibitory effect of AAAV is responsible for the decrease of infectious progeny virus, as has been noted for human AAV (Carter et al., 1979) .
Comparing the growth kinetics of the three herpesvirus species PRV, ILTV and HTV (Fig. 2) , we found that the growth of HVT in secondary CEF was reduced to a degree which depends on the multiplicity of co-infecting AAAV. An inhibition of the helper virus growth in secondary CEF and in primary CKC was not detected if PRV or ILTV were used as helper viruses. The reason for the specific suppression of HVT multiplication is unknown. AAAV and HVT may compete for the same biochemical functions, but this possibility needs further investigation.
In summary, two essential conclusions can be drawn from the growth kinetics, shown in Fig. 1  and 2 . First, herpesviruses such as PRV, ILTV and HVT possess complete helper activity for AAAV in chicken cells, and secondly in secondary CEF co-infected with HVT and AAAV, the multiplication of HVT is reduced as the multiplicity of co-infecting AAAV is increased.
Studies are in progress using Marek's disease virus (MDV), another herpesvirus, which has been shown to be closely related to HVT by serological tests (Witter et al., 1970) and by nucleic acid hybridization (Gibbs et al., 1984; Fukuchi et al., 1985) . MDV causes a lymphoproliferative malignant neoplasia in chickens (Nazerian, 1973) . Therefore, it is of interest to explore the possibility that AAAV may influence the growth of this herpesvirus, as well as the expression of its oncogenicity.
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